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WIRE GRIPPER FOR A DRIVE UNIT OF A WIRE FEEDER 

This invention relates to the art of dispensing wire and, more particularly, to a wire gripper 
used in a drive unit of a wire feeder for controlling the force which is applied by the pinch rollers 
against the wire driven by the wire feeder. 

Incorporation by Reference 
5 The present invention relates to wire feeders which feed wire to a welding operation wherein 

the welding wire must be fed in a controlled manner without tangling or interruption. Wire feeders 
are known in the art and are generally shown and described in Seufer 5,816,466 which is hereby 
incorporated by reference herein as background information illustrating the general structure of a 
wire feeder including two sets of pinch rollers. Sakai 5,053,591 is incorporated herein as 
10 background information and illustrates the application of force on the welding wire by the pinch 
rollers to grip the wire. Hubenko 4,235,362; Gleason 3,694,620; and Okada 3,730,136 are also 
incorporated by reference herein as background information further illustrating wire feeding devices. 

Background of the Invention 
The present invention is particularly applicable for use in connection with welding wire 
1 5 feeders and, therefore, the invention will be described with particular reference to wire feeders used 
in connection with a welding operation. However, the invention has broader applications and may 
be used with other types of wire or other wirelike materials. 

It is, of course, well known that utilizing a welding wire as a consumable electrode in the 
welding process can enhance the weld. Furthermore, in order to maximize the appearance and 
20 strength of the weld, accurately controlling the feed of the welding wire is important. Another 
important aspect of utilizing a consumable welding wire is maintaining a consistent and reliable flow 
of wire to the welding operation. As can be appreciated, interruptions in the flow of the welding 
wire can stop the welding process thereby reducing its efficiency. 

Another aspect of wire feeding relates to choosingthe optimal welding wire for the particular 
25 welding process. In this respect, the type of metal to be welded and the desired strength properties 
of the welded joint, will dictate which welding wires should be utilized. As can be appreciated, 
different welding wires can have very different properties both metallurgically and physically. The 
primary concern in the invention of this application relates to the physical properties of the welding 
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wire. There are several different types of welding wire including copper wire, steel wire and 
aluminum wire. Each of these wires have different physical characteristics which influence the drive 

unit of the wire feeder. 

One such physical characteristic is the hardness of the wire which influences the pinch rollers 

5 ability to grip the wire and accurately control the feed rate of the welding wire. In view of the 
importance in maintaining a desired feed rate, the welding wire feeders known in the art include 
control systems to accurately control the rotation of the pinch rollers that drive the welding wire. 
But these control systems are effective only if the pinch rollers maintain a constant grip on the wire. 
More particularly, a set of pinch rollers are two opposing rollers having parallel but spaced roller 

10 axes. The rollers rotate in opposite directions about their respective axis such that the portions of 
the peripheral roller edges that face one another move in the same direction. The pinch rollers are 
moveable toward one another so the welding wire is sandwiched between both rollers. As the drive 
unit of the wire feeder rotates the set of pinch rollers, the engagement between the pinch rollers and 
the welding wire drives the wire in the desired feed direction. The feed rate of the wire corresponds 

15 to the surface speed of the peripheral edges of the pinch rollers. As can be appreciated, a wire feeder 
can include more than one set of pinch rollers as is shown in Seufer and one or all of the sets of 
pinch rollers can be drive rollers. It should also be appreciated that non-drive pinch rollers can be 
used to help direct the flow of welding wire. 

Turning to roller grip, controlling the outflow of welding wire is a function of the accuracy 

20 of the step motor used to drive the pinch rollers and the slippage between the peripheral edges of the 
pinch rollers and the welding wire. As can be appreciated, if the pinch rollers move relative to the 
wire, namely, slide on the surface of the wire, the rotation of the pinch rollers is not fully translated 
into wire outflow. As a result, prior art welding wire feeders have utilized different peripheral 
surfaces on the pinch rollers to maintain accurate contact with the welding wire. These outer 

25 surfaces include knurling or even high friction materials on the surfaces of the rollers. But it is 
important that the contact between the pinch rollers and the welding wire does not damage the 
welding wire which can impact the wire outflow to the welding torch and the welding operation. 
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In addition, it is also advantageous to utilize pinch rollers that have a long service life to ininimize 
the repairs necessary to maintain a properly functioning wire feeder. 

It has been found that pinch rollers can be used in connection with different types of welding 
wires. However, the different physical characteristics of the many types of welding wire require 

5 different application forces to be applied by the pinch rollers against the welding wire. More 
particularly, a soft wire such as a copper wire, requires a low amount of application force to obtain 
the desired contact between the welding wire and the pinch rollers. In contrast, a steel wire requires 
a much greater application force to prevent slippage between the welding wire and the pinch rollers. 
In fact, the application force necessary to accurately move a steel wire would likely damage a copper 

1 0 wire. Other types of welding wire typically require different application forces. As a result of the 
different physical characteristics of the many welding wires, prior art feeders are set-up to only work 
in connection with only a small range of welding wires. Changing from a copper welding wire to 
a steel welding wire requires modifications to the wire feeder that often requires professional 
assistance. 

1 5 a force generating device is used to create an application force that is transferred to the pinch 

rollers by a force applicator. The force generators can utilize a spring to produce the desired 
application force within a given range. As the spring is deflected, the application force increases. 
As is known in the art, a spring has a spring modulus or spring rate wherein the spring modulus is 
the additional force necessary to deflect the spring an additional unit distance. As an example, a 

20 compression spring having a 1 00 pounds per inch spring modulus will be compressed 1/2 inch by 
a 50 pound weight. Similarly, a spring cylinder having a spring with a 1 00 pounds per inch modulus 
will produce 50 pounds of force if the spring is compressed 1/2 inch. In connection with wire 
feeders, the 50 pounds force is used to create the application force on the welding wire. 

The adjustability of the application force is at least in part a function of the force generator's 

25 ability to controllably compress the cylinder spring. As can be appreciated, based on the spring 
modulus which is linear, controllably compressing the spring will control the application force of 
the pinch rollers. Therefore it is important to be able to accurately control the compression of the 
spring. As is known in the art, threaded engagement between two components of the cylinder can 
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be used to compress the spring and therefore control the application force. The accuracy of this 
arrangement is influenced by the gauge of threads used in the threaded engagement along with the 
spring modulus. As will be appreciated, a fine thread will provide finer adjustment ability than a 
coarse thread. Furthermore, a coarse thread will increase the amount of hand force necessary to 
5 compress the spring. But, the coarse thread will allow quicker changes to the application force. 

One of the problems with prior art force generating devices is that ease of use must be 
compromised to provide increased adjustability to the application force. One such compromise is 
the use of a coarse threads to allowing quicker adjustment to the application forces for different 
welding wires. 

10 Another problem with prior art force generating devices is that major modifications are 

necessary in order to obtain the application force necessary to work in connection with a wide range 
of wire types and wire sizes. The basis for the modifications is that force generating spring can 
produce only a limited range of forces. The range of forces needed to work in connection with both 
soft and hard wires is great enough to necessitate an excessively large spring cylinder and a 

1 5 significant amount of adjustment to change the application force from a desired force for a soft wire 
to a desired force for a hard wire. As a result, prior art wire feeders can require professional attention 
to change from one type of welding wire to another type of welding wire by necessitating changes 
to the force generator cylinder. 

Yet another problem with prior art welding wire feeders is that the necessary adjustability 

20 for a soft wire is much different than the necessary adjustability for a harder wire. In this respect, 
in order to fine tune the application force for a soft wire, the force generating device must be capable 
of small incremental changes. More particularly, while a 1 0 pound change in application force will 
have a recognizable influence on the engagement between the pinch rollers and a soft wire, a 10 
pound change in a harder wire may have virtually no recognizable change. Therefore, it is desirable 

25 to have finer adjustment abilities for softer wires. But, fine adjustment abilities can be a 
disadvantage with harder wires. The fine adjustment can increase the time and effort necessary to 
make the adjustment. In view of the fact that the threads utilized in the generator to compress the 
cylinder spring cannot be easily changed, a cylinder designed for fine adjustment of a soft wire may 
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not even work with a hard wire. Conversely, a cylinder designed to be used in connection with a 
hard wire may not have the sensitivity necessary to make the fine adjustments for use in connection 
with a soft wire. These types of problems necessitate physical changes to the design of the wire 
feeder to change from a soft wire to a hard wire. 
5 Summary of the Invention 

In accordance with the present invention, provided is a wire gripper for use in connection 
with a drive unit of a welding wire feeder which includes a force generator that can be effectively 
used in connection with a force applicator for feeding a wide range of welding wire without 
modification to the physical structure of wire gripper. In this respect, a wire gripper in accordance 

1 0 with the present invention includes a force generator having a cylinder spring with at least two spring 
moduli. The two spring moduli of the cylinder spring are utilized in different portions of the stroke 
of the cylinder to provide at least two ranges of application force and to provide the desired degree 
of adjustability for the different ranges of forces. 

A wire gripper according to one aspect of the present invention can utilize two separate 

15 cylinder springs such that in a first range of the cylinder's stroke, the cylinder engages only one 
spring to produce a first range of application force and then in a second range of the stroke, both 
springs are engaged to produce a second range of application forces. The result is that the spring 
cylinder according to the present invention can be compact and can work in connection with more 
than one type of welding wire without physical changes. 

20 In accordance with another aspect of the present invention, the first and second springs can 

be coaxial to one another. 

In accordance with yet another aspect of the present invention, the spring cylinder and springs 
are all cylindrical and the springs are compression springs. 

In accordance with even another aspect of the invention, the spring cylinder can include a 

25 spring having more than one spring modulus wherein a single spring will have a different spring 
modulus at different portions of the cylinder's stroke. In this respect, the spring has a first spring 
portion with a first spring modulus and at least a second spring portion having a second spring 
modulus. In operation, the spring portion with the lesser spring modulus (the first spring portion), 
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will deflect first producing a first range of forces. Subsequently, as the first spring portion reaches 
a set force, the second spring portion, with a higher spring modulus, will begin to deflect thereby 
producing a second range of forces. 

In accordance with a further aspect of the invention, the spring cylinder can include a spring 
5 having a variable rate spring wherein the spring modulus changes throughout the stroke of the 
cylinder. As can be appreciated, a spring with a variable rate spring modulus results in a spring 
modulus which constantly changes as the spring is compressed. 

The primary object of the present invention is the provision of wire gripper which allows a 
wire feeder to be used in connection with a wide range of welding wire without significant 
1 0 modification to the wire gripper. 

Another object of the present invention is the provision of a wire gripper having a force 
generator or compression cylinder which allows the wire feeder to be used in connection with a wide 
range of welding wire without significant modification to the compression cylinder. 

Yet another object is the provision of a wire gripper of the foregoing character that provides 
1 5 accurate adjustment to the application force for use with a wide range of welding wire. 

Still another object is the provision of a wire gripper of the foregoing character that provides 
a wide range of adjustability even though it is compact in size. 

Still yet another object is the provision of a wire gripper of the foregoing character which is 
easy to adjust for all types of welding wire. 
20 A further object is the provision of a wire gripper of the foregoing character that can 

accurately adjust the application force in the pinch rollers for use with a wide range of welding wires. 

Yet a further object is the provision of a wire gripper of the foregoing character that can be 
used in connection with existing welding wire feeder designs. 

Even a further object is the provision of a wire gripper of the foregoing character which 
25 utilizes components that are economical to manufacture, easy to use in the field and have a long 
service life. 
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1 Brief Description of the Drawings 

The foregoing objects, and others, will in part be obvious and in part be pointed out more 
fully hereinafter in connection with a written description of preferred embodiments of the present 
invention illustrated in the accompanying drawings in which: 

FIG. 1 is a partially sectioned elevational view of a drive unit including a wire gripper in 
accordance with the present invention having a lever arm, a set of pinch rollers and a compression 
cylinder; 

FIG. 2 is an enlarged sectional view of the compression cylinder shown in FIG. 1 wherein 
the cylinder is in a first range; 

FIG. 3 is an enlarged sectional view of the compression cylinder shown in FIG. 1 wherein 
the cylinder is in a second range; 

FIG. 4 is an exploded view of the compression cylinder shown in FIG. 1; 

FIG. 5 is a schematic diagram showing overall spring force versus deflection; 

FIG. 6 is a sectional view of another embodiment of a set of compression springs for the 
compression cylinder shown in FIG. 1 ; 

FIG. 7 is a sectional view of yet another embodiment in which the compression spring is a 
single spring having more than one spring modulus; and, 

FIG. 8 is a sectional view of even yet another embodiment wherein a single compression 
spring is used utilizing a variable rate spring. 

Description of Preferred Embodiments 

Referring now in greater detail to the drawings wherein the showings are for the purpose of 
illustrating preferred embodiments of the invention only, and not for the purpose of limiting the 
invention, FIGS. 1-4 show a drive unit 10 for a welding wire feeder (not shown). Drive unit 10 
includes a support member 12 which is secured to the wire feeder and has a set of pinch rollers 14 
and 16. Pinch rollers 14 and 16 are the drive rollers for the drive unit and are connected to an 
electric drive motor M which is known in the art and schematically shown. As is shown in Seufer, 
a gear box is used to connected the drive motor to the pinch rollers. It should be appreciated that 
other drive mechanisms could be used without detracting from the invention of this application. 
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Furthermore, more than one set of drive rollers could also be used in accordance with the present 
invention. 

Pinch roller 16 is a fixed roller which rotates about a fixed roller axle 20 thereby rotating 
about a fixed roller axis 34. Pinch roller 16 is secured to support member 12 such that fixed roller 
axis 34 is stationary relative to member 12. Conversely, pinch roller 14 is an adjustable roller that 
is attached to a lever arm 30 by roller axle 22. Pinch roller 14 rotates about a roller axis 32 which 
can be moved relative to support member 12 and fixed roller axis 34 which will be discussed in 
greater detail below. 

The gear mechanism connected between drive motor M and the pinch rollers drives the 
rollers such that they rotate in opposite directions relative to one another. As is shown in FIG. 1, 
fixed roller 16 rotates clockwise while adjustable roller 14 rotates counterclockwise so that 
peripheral edges 36 and 38 of rollers 14 and 1 6, respectively, move in a common direction at contact 
point 40 with wire 42. As a result, pinch rollers 14 and 16 work in connection with one another to 
drive wire 42 in a feed direction 44. As can be appreciated, surface speeds of peripheral edges 36 
and 38 should be the same as the desired wire speed of wire 42 to reduce nicking or other damage 
to the welding wire. In order to further minimize damage to wire 42, drive unit 10 includes wire 
guides 50 and 52 which direct both the inflow and the outflow of the wire through the drive unit. 
In this respect, wire guide 50 is the inlet guide for wire 42 having an inlet guide hole 54 that is a 
through hole having a diameter only slightly larger than the largest diameter of welding wire to be 
used. In similar fashion, wire guide 52 is an outflow guide for the welding wire having an outlet 
guide hole 56 sized similar to inlet guide hole 54. Inlet and outlet guides 50 and 52, respectively, 
further include tapered nose sections 58 and 60, respectively, facing one another which allow the 
wire guides to minimize free wire spaces 64, thereby minimizing the amount of wire which is not 
guided by the guide holes. As can be appreciated, the drive unit for the welding wire feeder is 
essentially pushing a flexible wire to the welding operation and, therefore, it is important that the 
flow of the wire is guided to prevent kinking or j amming of the welding wire in the outflow portions 
of the wire flow. 
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The outflow of welding wire is incrementally controlled based on the control of drive motor 
M. Step motors can be used to quickly start and stop the flow of welding wire as needed by the 
welding operation. The controls for the drive motor are controlled by the person or machine 
performing the welding operation. As can also be appreciated, the control of welding wire can be 
5 an important part of the welding operation and, therefore, it is important to control the flow of the 
welding wire. Slippage between the drive rollers and the welding wire reduces the incremental 
control of the flow of welding wire and, therefore, it is important to prevent wire slippage without 
damaging the welding wire. 

An application force between 1 4 and 1 6 and wire 42 designated by the arrow 70, influences 

10 the likelihood of wire slippage. Application force 70 is produced by a wire gripper 80 which 
includes lever arm 30. In essence, wire gripper 80 moves adjustable roller 14 relative to fixed roller 
16 such that adjustable roller 14 can be moved toward fixed roller 16 to engage welding wire 42 
therebetween and can be moved sufficiently away from roller 16 to allow the replacement of the 
welding wire or to clear a jam in drive unit 10. This is accomplished by the pivotal engagement 

15 between lever arm 30 and support member 12. In this respect, lever arm 30 has a pivot end 82 that 
is pivotally connected to member 12 at a pivot joint 84. Pivot joint 84 can be any pivot joint known 
in the art and is shown as including a pivot mount 86 attached to member 12 by any known means 
in the art including welding, bolting or machining from the drive frame. Pivot mount 86 includes 
a through hole 88 and lever arm 30 includes a through hole 90. A pin 92 passes through holes 88 

20 and 90 to allow lever arm 30 to freely rotate about lever pivot axis 94. In order to maintain the pivot 
pin in the proper position, pivot pin 92 can be press fit into one of the through holes 88 and 90 and 
can be slightly smaller than the other of the through holes 88 and 90. The pivot pin can also be a nut 
and bolt arrangement wherein the pivot pin is threadingly secured in position. As stated above, roller 
axle 32 is secured to lever arm 30 to allow pinch roller 14 to rotate relative to the lever arm. 

25 However, it should be noted that axle 32 can also be separate from lever arm 30 wherein lever arm 
30 merely urges roller 14 toward roller 16 without detracting from the invention of this application. 
Roller axle 32 is positioned near the center of lever arm 30, but the axle can also be positioned at 
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virtually any point spaced from the lever pivot point without detracting from the invention of this 
application. 

Wire gripper 80 further includes a compression cylinder 110. In this respect, lever arm 30 
has an outer end 100 with a ledge 102 shaped to receive compression cylinder 1 10. Ledge 102 is 
machined from a top edge 112 of lever arm 30 and is generally flat. Ledge 102 includes a locking 
groove 1 14 that works in connection with cylinder 1 10 to maintain cylinder 1 10 in a drive position 
1 1 6 which will be discussed in greater detail below. Lever arm 30 further includes an edge ramp 120 
at outer end 100 to help facilitate moving cylinder 110 from a released position 122 to a drive 
position 116 which will also be discussed in greater detail below. Lever arm 30 has a bottom edge 
124 with a clearance notch 126 for a compression cylinder mount 130, and a cylinder post slot 132 
for a cylinder post 134. Both cylinder mount and post 1 34 will be discussed in greater detail below. 

Compression cylinder 1 10 is pivotally mounted on support member 12 by cylinder mount 
130 which allows cylinder 110 to pivot between release position 122 and drive position 116. 
Cylinder mount 1 30 can be connected to member 1 2 in similar fashion as lever mount 86. Cylinder 
mount 130 includes a through hole 136 and a pivot pin 138, and cylinder post 134 also includes a 
through hole 140 which receives pivot pin 138 to allow the pivotal movement of cylinder 110. As 
stated above, with respect to lever mount 86, any pivotal mount known in the art could be used to 
allow for the pivotal movement of the compression cylinder. 

Post 134 extends into an interior area 146 of cylinder 1 10 and can be used to hold the 
cylinder parts together. In greater detail, compression cylinder 1 10 includes a fixed slide cylinder 
150 and a rotational cylinder 152 which is displaceable relative to fixed cylinder 150. However, it 
should be noted that cylinder 1 10 does not have to be cylindrical and that rotational cylinder 152 
does not have to rotate relative to slide cylinder 150. They must merely move relative to one 
another, adjustably, to compress the cylinder spring(s) which will be discussed below. Slide cylinder 
1 50 includes a base 1 54 and a cylindrical side wall 1 56 which extend upwardly from base 1 54 and 
produces a cylindrical pocket 1 58 forming a lower portion of interior area 146. While slide cylinder 
1 50 is being described as having a cylindrical configuration, other configurations could be also used 
without detracting from the invention of this application. Cylindrical side wall 1 56 is coaxial with 
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a cylinder axis 1 60 and has an outer diameter 1 62 transverse to cylinder axis 1 60. Base 1 54 includes 
a through hole 164 sized to allow the free passage of a lower portion 142 of cylinder post 134 
relative to fixed cylinder 1 50. Side wall 1 56 has an outer surface 157 with graduations 1 59 to gauge 
the adjustment of compression cylinder 1 10. More particularly, as cylinder 152 is displaced toward 
cylinder 1 50, the bottom edge of cylinder 1 52 covers aportion of the graduations to indicate the level 
of adjustment. 

Rotational cylinder 1 52 is also shown and described as being cylindrical. However, it should 
also be noted that other configurations could be used without detracting from the invention of this 
application. Cylinder 152 is a downwardly open cylinder and is sized slightly larger than slide 
cylinder 150 to allow telescoping movement between cylinders 150 and 152. Rotational cylinder 
1 52 has a top 1 70 with cylindrical side wall 1 72 extending downwardly from top 1 70. Side wall 1 72 
is also coaxial with cylinder axis 1 60 and forms a cylindrical pocket 1 74 open opposite to cylindrical 
pocket 1 5 8 and forming the upper portion of interior area 1 46. Cylindrical pocket 1 74 has an inside 
diameter 176 which is larger than outside diameter 162 of cylinder 150 to allow fixed cylinder side 
wall 156 to enter rotating cylinder pocket 174 for the telescoping movement. Rotational cylinder 
152 can also include an outer surface 178 having a non-slip coating and/or an outer texture to 
increase the grip between the user's hand and the cylinder to allow the easy rotation of the cylinder 
with a minimal hand grip. This can include a rubberized outer surface and/or gripping ribs 178 or 
other means known in the art to promote a secure grip. Rotational cylinder 1 52 further includes an 
upper threaded opening 1 90 for threaded engagement with the threaded upper end of cylinder post 
134 which will be discussed in greater detail below. In order to allow for an increased amount of 
adjustment, rotational cylinder 152 includes a threaded extension 192 extending downwardly from 
top 170. By including threaded extension 192, threaded opening 190 can extend well into upper 
pocket 1 74 without reducing the amount of the pocket which can be used in connection with a first 
cylinder spring 200 and second cylinder spring 202 which are discussed below. 

First and second cylinder springs 200 and 202 are compression springs, wherein first 
compression spring has a first spring modulus and second compression spring has a second spring 
modulus. It should be noted that while compression springs are shown, other types of springs such 
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as tension springs or leaf springs could be used without detracting from the invention. The first and 
second spring modulus can be the same modulus or they can be a different spring modulus. 
Nonetheless, even if the spring moduli are the same, the overall spring modulus will be different 
depending on whether one or both springs are compressed by the cylinder. In this respect, springs 
200 and 202 are positioned in pockets 158 and 174 and are captured within the cylindrical pockets. 
This arrangement maintains the relative positions of the compression springs and also reduces the 
likelihood of contaminants entering into the spring mechanism which can affect the performance of 
the spring mechanism. Springs 200 and 202 extended about post 134. Spring 200 has a free or 
uncompressed height 204, an outer diameter 206, and an inner diameter 208 and is positioned within 
the cylinder pockets to be essentially coaxial with cylinder axis 1 60. Spring 200 is made from a first 
diameter spring wire 210. Second spring 202 has a free or uncompressed height 220, an outer 
diameter 222, an inner diameter 224, and is made from a second diameter spring wire 212 which is 
smaller than the diameter of wire 210. Second spring 202 is also essentially coaxial with cylinder 
axis 1 60. In this particular spring arrangement, first spring 200 is both longer and wider than second 
spring 202 and has a higher spring modulus. In this respect, height 204 is greater than height 220 
and first spring inner diameter 208 is larger than second spring outer diameter 222 to allow second 
spring 202 to nest within first spring 200 and to allow both springs to freely compress based on the 
relative movement of rotational cylinder 152 to cylinder 150. Spring 200 has a larger spring 
modulus since it is made from a large diameter spring wire. 

Since first spring 200 is longer than second spring 202, first spring 200 will be engaged and 
be compressed by relative displacement of cylinder 150 toward cylinder 152 before second spring 
202 is engaged by cylinder 152. In this respect, rotating cylinder top 170 has a bottom surface 230 
and fixed cylinder base 154 has a top surface 232. Fixed cylinder 150 further includes a lower 
washer 234 and rotating cylinder 152 includes an upper washer 236. Springs 200 and 202 rest on 
washer 234. As rotational cylinder 1 52 is threaded about an upper threaded portion 240 of post 1 34, 
rotational cylinder 1 52 causes the latter to be displaced toward slide cylinder 150. Due to first spring 
height 204 being greater than second spring height 220, upper washer 236 will first engage spring 
200. As cylinder 152 is displaced further toward slide cylinder 150, first spring 200 will be 
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compressed and will produce a cylinder spring force based on the compression of only first spring 
200. However, as cylinder 152 continues to be rotated and advanced toward slide cylinder 150, 
upper washer 236 will eventually engage second spring 202 and begin to compress second spring 
202 thereby changing the overall spring modulus to a function of the spring moduli of both the first 
and second springs. 

FIG. 5 is a schematic representation of the changing overall cylinder force designated by the 
numeral 250. In this respect, when only the first spring 200 is compressed, the increase in overall 
spring force is shown by segment 260 which is linearly increasing at a fixed rate in relation to the 
deflection of the spring. The linear increase is a function of the spring modulus of spring 200. 
However, once second spring 202 is engaged, which is shown as point 260, the overall spring force 
will increase at a greater rate 264 for the same change in deflection. The linear increase in force in 
this range of deflection is a function of the spring modulus of spring 200 and the spring modulus of 
spring 202. As a result, first spring 200 can be configured for the range of forces needed for a softer 
wire and can allow for a more fine tuned adjustment necessary for the softer wire. In the event that 
the user of the wire feeder chooses to change to a harder wire, the gripper can be quickly adjusted 
so that second spring 202 is engaged thereby producing the second range of forces at a second level 
of adjustment necessary for the harder wire. Furthermore, the accuracy needed for adjusting the 
harder wire can be easily obtained without necessitating many rotations of cylinder 152. 

The cylinder force is transmitted by wire gripper 80 to the pinch rollers 14 and 1 6 by way 
of lever arm 30 thereby producing the application force. In this respect, at any one adjustment 
wherein at least one spring is compressed, rotational cylinder 1 52 is positionally maintained relative 
to frame 12 by cylinder post 134 and cylinder mount 130. As a result, slide cylinder 150 is urged 
downwardly against ledge 102 of lever arm 30. This downward movement of slide cylinder 150 
moves roller 14 towards fixed roller 16 until the pinch rollers engage wire 42. The spring force of 
the cylinder then provides the necessary application force for the pinch roller. As rotational cylinder 
1 52 continues to be advanced toward slide cylinder 1 50, the force applied to the end of lever arm 1 30 
is increased thereby increasing the application force between the pinch rollers and the wire. 



13 



* * 

LEEE2 00293 

The spring force produced by spring 200 or springs 200 and 202 also maintain cylinder 1 10 
in drive position 116. In this respect, slide cylinder 150 further includes a locking ridge 270 which 
matingly engages with locking groove 1 14. The downward force produced by the spring(s) 
maintains the locking ridge within the locking groove. As can be appreciated, slide cylinder 150 
5 would have to move upwardly against the force of the spring(s) to disengage from the locking 
groove. This connection effectively maintains the compression cylinder in the drive position while 
allowing the user to easily disengage the cylinder and move it to release position 122 if a jam is 
detected or if new wire is needed. In order to facilitate the re-engagement of the cylinder in the drive 
position, edge ramp 120 guides locking ridge 270 as it moves onto ledge 102 were it can be easily 

10 positioned in locking groove 1 14. Moreover, ramp 120 gradually displaces cylinder 150 relative to 
cylinder 152 to compress the spring(s), if they are engaged, as slide cylinder 150 moves toward 
rotational cylinder 1 52. Once ridge 270 is oriented over groove 1 14, the force of the spring(s) will 
move the ridge into locking engagement with the groove. 

Referring to FIGS. 6-8, three additional embodiments are shown. As stated above, different 

15 combinations of springs can be used to obtain the multiple ranges of adjustment discussed above. 
The discussion above included spring 200 having a higher spring modulus than spring 202 and also 
being the first spring to be engaged by cylinder 1 52. With particular reference to FIG. 6, springs 280 
and 282 are shown wherein spring 280 is the first spring to engage while spring 282 is the secondary 
spring. In contrast to springs 200 and 202, the first spring to engage, spring 280, has a spring 

20 modulus which is less than the spring modulus of second spring 282 to be engaged. This is at least 
in part because spring 282 is made from a larger diameter spring wire. This spring arrangement 
provides different ranges of adjustment which are not as closely spaced to one another as the spring 
arrangement shown with springs 200 and 202. While springs 200 and 202, and springs 280 and 282 
are both shown to be nested springs, the springs could be stacked on top of one another. In a stacked 

25 spring arrangement, even though both springs would be engaged at essentially the same time, the 
spring with the smallest spring modulus would deflect first thereby producing the first range of 
application forces. Once the application force reaches a level great enough to deflect the larger 
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modulus spring, the second spring would begin to deflect thereby producing the second range of 
application forces 

Referring to FIG. 7, a spring 290 is shown which has more than one spring modulus. As a 
result, a single spring can be used to produce multiple ranges of adjustment as discussed above. In 
5 this respect, the spring modulus of a compression spring is a function of the material used to make 
the spring, the size of the material used, and the number of turns per unit of length measured. While 
spring 290 is shown to be a compression spring with a round spring wire 29 1 having a constant wire 
diameter throughout the spring, the number of turns per unit of length changes along the length of 
the spring. As a result, the spring modulus will vary based on spacing between the turns in the 

1 0 spring. Spring 290 can be either multiple modulus spring or a variable modulus spring depending 
on the spacing of the turns. For example, if a first spacing is used in a first segment of the spring and 
a second spacing is used on the remainder of the spring, the spring will essentially have two spring 
moduli. Spring 290 is shown to be a variable rate spring. With particular reference to FIG. 5, 
segment 292 shows the non-linear or variable rate nature of spring 290. While spring 290 does not 

15 produce two clear and distinct adjustment ranges, it does allow for the fine tuned and precise 
adjustment needed for the soft wires while still providing for the large application force needed for 
the harder wires without requiring significant adjustment of the compression cylinder. 

Referring to FIG. 8, a spring 300 is shown which is also a variable rate spring. However, 
spring 300 utilizes a change in material thickness to achieve the changing spring modulus for the 

20 spring. In this respect, the base 302 of spring 300 has a rectangular cross-sectional configuration 
which is much smaller in area than top 304 which is square. As a result, as spring 300 is 
compressed, the turns toward the bottom of the spring will more easily compress than the turns at 
the top of the spring. This will produce the change in spring modulus as is shown by segment 292 
in FIG. 5. 

25 It should be appreciated that other combinations of springs could be used to achieve two or 

more ranges of adjustment for the application force without requiring modification to the wire 
feeder. 
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While considerable emphasis has been placed on the preferred embodiments of the invention 
illustrated and described herein, it will be appreciated that other embodiments can be made and that 
many changes can be made in the preferred embodiment without departing from the principles of 
the invention. Accordingly, it is to be distinctly understood that the foregoing descriptive matter is 
5 to be interpreted merely as illustrative of the invention and not as a limitation. 
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